Background: In patients with cancer, hepatocyte growth factor (HGF) is elevated and is a predictor of prognosis. We investigated whether serum HGF was a predictive marker for cancer death in a population of communitydwelling Japanese. Methods: We studied 1492 apparently healthy Japanese adults who underwent health examinations in 1999. Those who reported a history of liver disease or malignancy on a baseline questionnaire were excluded, and plasma HGF was measured in the remaining 1470 participants, who were followed periodically for 10 years. Multivariate proportional hazards regression was used to estimate cancer mortality. Results: A total of 169 participants died during follow-up (61 from cancer, 32 from cerebrocardiovascular disease, and 76 from other diseases). Mean HGF at baseline was significantly higher among decedents than among survivors (0.26 ± 0.11 vs 0.23 ± 0.09 ng/ml, respectively; P < 0.01). The Cox proportional hazards model showed that age, systolic blood pressure, HGF (hazard ratio, 1.27; 95% CI, 1.06-1.52; P = 0.009), albumin level, smoking status, and creatinine were independent predictors of all-cause death. Age, HGF (hazard ratio, 1.31; 95% CI, 1.04-1.65; P = 0.02), and total cholesterol were independent predictive markers for cancer death. Conclusions: Serum HGF was a predictor of cancer death in an apparently healthy population of communitydwelling Japanese.
INTRODUCTION
Hepatocyte growth factor (HGF) was discovered in 1984, 1 purified and isolated in 1986, 2, 3 and first characterized as a strong mitogen for hepatocytes. It is produced in a number of organs and is now known to be a multifunctional factor with various biological activities. [4] [5] [6] HGF was found to be elevated in serum from patients with liver disease and cancer, including those with malignancies of the breast, 7 stomach, 8, 9 colorectum, 10 and lung. 11 Furthermore, HGF was inversely correlated with survival time in cancer patients, 12 which indicates that it might be a prognostic marker in such patients. 10, 13 However, existing reports are limited to patients with diagnosed cancer. Thus, we examined whether serum HGF was a predictor of cancer death among apparently healthy Japanese living in the general community.
METHODS
A periodic epidemiologic survey was performed in 1999 in the small farming community of Tanushimaru, Japan. As reported previously, the demographic characteristics of the residents of this area are similar to those of the general Japanese population.
14 A total of 1492 adults aged 40 years or older underwent health check-ups, and a questionnaire was used to ascertain their medical history (particularly cancer), use of alcohol, smoking, and current use of medications for hypertension, hyperlipidemia, and diabetes. Alcohol intake and smoking were classified as current habitual use or not. Use of medication for hypertension, hyperlipidemia, and diabetes was coded as dummy variables. Body mass index (BMI) was calculated from measurements of height and body weight. Blood pressure was measured twice with participants in the supine position. A second blood pressure reading was taken after 5 deep breaths, and the fifth-phase diastolic pressure was recorded and used in the analysis. Blood samples obtained from the antecubital vein were centrifuged and frozen. Using these samples, we measured serum glycosylated hemoglobin A1c (Japan Diabetes Society; HbA1c [JDS]), lipids (total cholesterol, high-density lipoprotein [HDL]-cholesterol, and triglycerides), blood urea nitrogen (BUN), creatinine, uric acid, albumin, C-reactive protein (CRP), and liver enzymes (alanine aminotransferase [ALT], aspartate aminotransferase [AST], and γ-glutamyl transpeptidase [γ-GTP]). Plasma HGF was measured by enzyme-linked immunosorbent assay (ELISA). 15 Intra-and inter-assay coefficients of variation of HGF, as determined by a commercially available laboratory (Kyodo Igaku Laboratory, Fukuoka, Japan), were 1.0% and 3.0%, respectively. The details of HGF measurement have been previously described. 16 Twenty-four participants who had a history of liver disease, lung disease, or cancer were excluded from the analysis. Ultimately, 1470 participants (595 men and 875 women) were enrolled.
The follow-up period was 10 years. Cause of death was determined on the basis of a review of obituaries, medical records, death certificates, and hospital charts, as well as interviews with primary care physicians, the families of the deceased, and other witnesses. Because many patients with cancer ultimately die from infection or other illnesses, great care was taken to identify underlying cause of death. The information was coded independently according to the rules of the Seven Countries Study 17 and the World Health Organization's 10th Revision of the International Statistical Classification of Diseases and Related Health Problems (WHO-ICD). 18 Follow-up data through the end of March 2010 were analyzed. The follow-up rate was 92.9%.
This study was approved by the Ukiha Branch of the Japan Medical Association, by the local citizens' committee of Tanushimaru, and by the Ethics Committee of Kurume University. All participants gave informed consent.
Statistical analysis
Results are presented as mean ± SD. Because of skewed distributions, natural logarithmic transformations were performed for CRP, triglycerides, and γ-GTP. These variables are shown in the original scale in the tables, after analysis using the log (natural)-transformed values. In Tables 1 and 2 , the values for CRP, triglycerides, and γ-GTP are presented as geometric mean and range.
Mean HGF level was classified into quartiles as follows: ≤0.16 ng/ml, 0.17-0.21 ng/ml, 0.22-0.27 ng/ml, and ≥0.28 ng/ml. Analysis of variance was used to compare the means of variables, stratified by quartile of HGF levels. Differences between the 2 groups (survivors vs decedents) were assessed using the t test. The χ 2 test was used to test differences between groups in categorical variables.
Multivariate proportional hazards regression was used to estimate the predictive HGF level for all-cause death and cancer death. We estimated hazard ratios (HRs) and their 95% CIs per 1-unit (approximately 1 SD) increase in the variable. Survival curves for all-cause death and cancer death for each HGF quartile were estimated with the Kaplan-Meier method and interpreted using the log-rank statistic. Statistical significance was defined as a P value less than 0.05. All statistical analyses were performed using SAS software (Release 9.2, SAS Institute, Cary, NC, USA).
RESULTS
Baseline characteristics associated with HGF Participants were divided into quartiles according to HGF level. There was a significant positive association between HGF and mortality. In addition, HGF was significantly positively associated with male sex, BMI, systolic and diastolic blood pressures, creatinine, uric acid, CRP, triglycerides, AST, ALT, γ-GTP, smoking, and use of antihypertensive medication and significantly inversely associated with total cholesterol and HDL cholesterol ( Table 1) .
Cause of death and characteristics of decedents
We were able to ascertain cause of death for 92.9% of deaths. There were 169 (103 men and 66 women) deaths: 61 (36.1%) from cancer, 32 (18.9%) from cerebrocardiovascular disease, 27 (16.0%) from infection, and 49 (29.0%) from other causes. Table 2 shows the characteristics of participants stratified by vital status. Factors positively associated with death were age, male sex, systolic blood pressure, HbA1c, BUN, creatinine, uric acid, CRP, γ-GTP, smoking, use of antihypertensive medication, and HGF, whereas BMI, albumin, and total cholesterol were inversely associated with death.
Regression coefficients for all-cause death in the univariate proportional hazards regression model are shown in Table 3 . Age, male sex, systolic blood pressure, HbA1c, BUN, creatinine, uric acid, CRP, γ-GTP, smoking, antihypertensive medication, and HGF were significant positive predictors of all-cause death, whereas BMI, albumin, and total cholesterol were inversely associated with all-cause death. Figure 1A shows the cumulative survival curves for all-cause death stratified by HGF quartile in univariate analysis. The HRs by HGF quartile were 1.30 (95% CI, 0.77-2.22) for Q2, 2.18 (1.31-3.62) for Q3, and 2.41 (1.47-3.94) for Q4. Cancer death was positively associated with age, male sex, systolic blood pressure, HbA1c, BUN, creatinine, and smoking and inversely associated with albumin and total cholesterol (Table 4 ). Figure 1B shows the cumulative survival curves for cancer death stratified by HGF quartile in univariate analysis.
Mortality increased in relation to HGF (log-rank test = 11.3; P < 0.001). The HRs by HGF quartile were 1.39 (95% CI, 0.60-3.26) for Q2, 1.39 (0.58-3.35) for Q3, and 2.72 (1.25-5.92) for Q4. For cancer death, mortality increased in relation to HGF (log rank test = 8.23; P = 0.03).
Using the significant factors shown in Tables 3 and 4 , we performed multivariate proportional hazards regression analysis (Tables 5 and 6 ). Age, systolic blood pressure, HGF, albumin (inversely), smoking, and creatinine remained significantly associated with all-cause death ( There was no significant association between HGF and cerebrocardiovascular death (data not shown).
DISCUSSION
We investigated whether plasma HGF predicted cancer death among a population of Japanese adults. Our results showed that plasma HGF level was predictive of both all-cause death and cancer death.
We made every effort in this prospective study to ascertain cause of death, and the death rates among this population were comparable to those of the Japanese general population. 19 Multivariate proportional hazards regression analysis revealed that age, systolic blood pressure, HGF, albumin (inversely), smoking, and creatinine were independently associated with all-cause death (Table 5) . Age, blood pressure, and smoking are known causes of cerebrocardiovascular death. Thus, it is feasible that these factors contributed to all-cause death in this population. However, the number of deaths from cerebrocardiovascular disease was too small to analyze, and we were thus unable to identify the factors responsible for cerebrocardiovascular death in this study. In addition to the above-mentioned factors, low albumin and HGF were significant predictors of all-cause death (Table 5 ). Low albumin may indicate poor nutritional status. The predictive power of HGF was comparable to that of systolic blood pressure (Table 5 ). At present, it is unclear why HGF was a significant predictor of all-cause death. We investigated whether HGF was a predictor of cancer death in this apparently healthy population because cancer is the most common cause of death in this population and because HGF level was found to be a predictor of death in patients with cancer. [8] [9] [10] [11] [12] [13] Multivariate proportional hazards regression analysis revealed that age, HGF, and cholesterol (inversely) were predictors of cancer death. Although baseline HGF was associated with cholesterol (inversely) and some other factors, as shown in Table 1 , the data in Table 6 show that HGF was a significant independent factor for cancer death, which indicates that HGF is a predictor for cancer death in apparently healthy community-dwelling Japanese adults.
The pathophysiologic mechanisms for the association between HGF and cancer death in this population were not investigated in this epidemiologic study. Because we excluded patients with history of cancer at baseline, it is natural to assume that the remaining study participants developed cancer during follow-up. To confirm this, we divided cancer deaths into those that occurred during the first 5 years of follow-up and those that occurred in the second 5 years of follow-up. There were 30 cancer deaths during the first 5 years and 31 during the second 5 years. As mentioned above, serum HGF is elevated in individuals with cancer. [7] [8] [9] [10] [11] HGF is released from cancer cells 11, 12 and stimulates not only tumor cell invasion but also neovascularization as a potent endothelial growth factor. 13, [20] [21] [22] [23] If participants who died within 5 years had subclinical cancer at baseline, they might have had higher baseline HGF levels. However, we found that baseline HGF was similar in the early and late study periods among participants who died of cancer. Thus, the increase in the risk of cancer death associated with high HGF was not due to the presence of subclinical cancer. It is possible that participants with high baseline HGF levels experienced rapid growth and spread of cancer once they developed cancer. However, this hypothesis cannot be confirmed in an observational study.
A strength of the present study is that it is the first prospective cohort study to show that HGF is a predictor of cancer death in apparently healthy adults. Moreover, the follow-up rate was high (92.9%).
A limitation of this study is that, because of the relatively small number of cancer deaths, we were unable to investigate the association between HGF and particular malignancies. Second, the cancer endpoint was not incidence but mortality. Third, the association between HGF and cancer death might be confounded by several factors. However, this association remained significant after adjustment for confounders. In conclusion, serum HGF was a predictor of cancer death in an apparently healthy community-dwelling Japanese population. Our findings suggest that serum HGF may be a predictive marker for cancer death in the general population.
